Abstract
Introduction

37
Organogenesis in plants requires a tight spatiotemporal regulation of cell division and 38 cell type specification (Bennett et al., 2010; Ten Hove et al., 2015; Radoeva et al., 39 2014; Dong et al., 2010; Abrash et al., 2009; Ten Hove, 2008) . Our understanding of 40 these two fundamental processes has been greatly advanced through using the model 41 system, Arabidopsis roots. The Arabidopsis root is composed of concentric rings of 1. Mitotic activity is a prerequisite of conserved SHR pathways across different 84 tissues.
86
To examine the ability of SHR trigger periclinal cell division, we expressed SHR in 87 different cell types using cell specific promoters (pWER in epidermis and pCO2 in 88 cortex). In both epidermis and cortex, SHR triggered periclinal cell divisions (Sena et 89 al., 2004, Figure 1B&D ). When constitutively expressed under the 35S promoter,
90
SHR induced extensive periclinal divisions in the meristem outside of the stele (Sena 91 et al., 2004;  Figure 1E ). Interestingly, SHR was even able to activate periclinal 92 division in columella stem cells (CSCs), leading to increased columella cell (CC) 93 numbers ( Figure 1F&G ). In contrast, SHR direct target, SCARECROW (SCR) was 94 unable to influence the division pattern when mis-expressed alone ( Figure 1A&C ) , 95 which is consistent with the previous studies showing that SCR forms a protein 96 complex with SHR to promote periclinal cell division (Heidstra et al., 2004; Cui et al., 97 2007; Long et al., 2015a; Clark et al., 2016) .
99
To determine the competence of each individual cell types in response to SHR 100 induction, we performed time-course analysis of the division pattern in allows ectopic SHR expression upon estradiol treatment (Curtis et al., 2003) . After 10 103 hr in estrodial media, the cortex appeared to be the first cell layer that responded to 104 SHR ( Figure 1K ). Interestingly, the periclinal cell division started to occur in cells In CEID cells, SHR activates SCR and together they upregulate CYCD6;1, which 118 coincides with the switch of division direction (Sozzani et al., 2010) . To investigate 
140
To investigate whether activation of SCR and CYCD6;1 is essential for the periclinal 141 division, we examined the SHR-mediated division in scr-4 and cycd6;1 mutant 142 backgrounds. In both mutants, the magnitude of ectopic divisions seemed to be suggesting that SCR enhances SHR ability to induce periclinal cell division.
150
Although SHR activated periclinal cell divisions in most cells outside of the stele, the 151 division appeared to be restricted to the meristem. In pG1090-XVE:SHR roots, the 152 induction of periclinal cell division stopped precisely at the meristem-elongation zone 153 junction ( Figure 3A-C) . This is different from PLETHORA2, which has been shown 154 to trigger division in differentiated zone (Mähönen et al., 2014) . In line with this,
155
CYCD6;1 activation induced by SHR mis-expression exhibited the similar 156 developmental zone-confinement ( Figure 3D&E ). Therefore, mitotic competence 157 appeared to be a prerequisite for SHR function.
159
These data reveal that SHR mediates periclinal cell division via a common pathway It was shown in previous studies and our observations that loss of SHR function was 274 not accompanied by loss of ground tissue identity (Sozzani et al., 2010; Carlsbecker et 275 al., 2010) . In shr-2 mutants, the mutant cell layer (which is a single ground tissue another ground tissue-specific marker, E1839, and observed the expression was also this hypothesis, we utilized pWOL:icals3m system, which can block plasmodesmata 292 (PD) within the stele upon estradiol induction (Vatén et al., 2011) . As a result, the (Chin, 2014) . However, the efficiency of cell fate reprogramming in a given 398 population was low and the completeness of fate conversion is still being questioned.
399
Thus, the fundamental cellular principals and molecular mechanisms in both animals 400 and plants are still awaiting elucidation.
402
The mobile transcription factor, SHR has been proposed as one of the regulators of 403 endodermal identity. But in this study we found that SHR, while necessary, was not (Doblas et al., 2017; Nakayama et al., 2017 
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PIN3:PIN3-GFP, Q1630, WER:H2B-YFP, SCR:H2B-YFP, J0571, PIN2:PIN2-GFP, E1839
were 434 crossed into different transgenic plants or mutants. Homozygous lines were screened based on 435 fluorescence, PCR genotyping, and the root phenotypes. After sterilization, the seeds were 436 germinated after incubated for 2 days at 4°C in the dark. All plants were grown vertically on 1/2 437 Murashige and Skoog (MS) medium containing 0.05% (wt/vol) morpholinoethansulfonic acid 438 monohydrate (pH5.7), 1.0% (wt/vol) Sucrose, and 1.0% agar in a growth chamber at 23°C under a 439 16/8h light/dark cycle. Plants were analyzed 6-7 d after plating unless otherwise stated. 440
441
Plasmid construction and plant transformation.
442
The 1596bp full-length cDNA of AtSHR was cloned into pDONR221 (Invitrogen) using BP 443 recombination based on standard protocol (Invitrogen/Life Technologies, 444 http://www.thermofisher.com/us/en/home/life-science/cloning/gateway-cloning.html). The 445 destination vectors were modified from the previously reported pGreenBarT vector (Lee et al., 446 2006) according to traditional restriction digestion method described before (Wu et al., 2014) . All 447 expression vectors were generated through LR Gateway reaction and the resulting plasmids were 448 transformed into Agrobacterium strain GV3101-pSouppMP. Arabidopsis (Col-0) was transformed 449 following the floral dip method. Transgenic plants were screened based on the resistance to 450 glufosinate-ammonium (Basta) in soil. For all of the transgenes discussed, at least three 451 independently transformed lines were analyzed and one of them were chosen for further analysis. 452
453
Confocal Microscopy imaging 454
Roots were mounted in 0.01μg/mL propidium iodide (PI) in water. Roots tips were then examined 455 using a 40×water-immersion lens on a Zeiss LSM 880 laser scanning confocal microscope with 456 dual-channel setting of YFP and mCherry. Image quantification was performed using ImageJ 1.4.3 457 software. For fluorescence intensity analysis, we used the region selection function of ImageJ to 458 create a region of interest where the fluorescence is typically seen. The average intensity of 459 fluorescence was calculated by ROI manager and then used to calculate the ratio of relative 460 fluorescence intensity. Representative images were collected from 10-25 roots with three 461 biological replicates. 462 463
Staining and chemical treatments 464
For β-Glucoronidase (GUS) staining, 5-7-day old seedling were incubated in the GUS (0.5 465 mg/mL) staining solution for 8h at 37℃ followed by the clearing in 70% ethanol. For starch 466 staining, root tips were incubated in a 1:1 dilution of Lugol's solution (Sigma-Aldrich) for 1 min, 467 then briefly washed with water and mounted in the HCG solution for microscopy visualization. 468
Samples were viewed using Nikon ECLIPSE Ni-U microscope connected to a Nikon DS-Ri 2 469 digital camera. Visualization of PI penetration and lignin autofluorescence was performed 470 according to (Alassimone et al., 2010) .
For estrogen induction, five-six day old seedlings were transferred to 0.5x MS (Caisson) agar 473 (Difco-BBL) plates containing 10 μM estradiol (Sigma), and the same medium containing the 474 estradiol carrier (DMSO) as controls. 475 476
Statistical analysis 477
The Arabidopsis seedlings from three biological replicates were randomly chosen from each 478 treatment. The data analysis were carried out by using spss17.0, and independent-samples t-test 479 were used to determine the significance between the treatment and control group (P < 0.05). The 5'-GAGATCCACATCTGCTGGAATG-3')was used as the reference gene. 
